The aims of this study were to describe fatal and non-fatal self-harm burdens, as well as burdens from the main preventable risk factors, and to investigate the different suicide methods in Hubei province in central China utilizing data from both Global Burden of Disease Study 2015 and Hubei Disease Surveillance Points system. All self-harm burdens including mortality, years of life lost (YLLs), prevalence, years lived with disability (YLDs), and disability adjusted life-years (DALYs) consistently demonstrated downward trends in Hubei from 1990 to 2015, with a bigger decline gap observed among females and narrower decreasing amplitudes among the elderly. Hubei experienced much higher age-standardized rates for self-harm mortality (22.0 per 100,000), YLLs (560.1 per 100,000) and DALYs (563.9 per 100,000) than the national (9.0, 292.3 and 295.0 per 100,000 respectively) and global levels (11.5, 453.3 and 457.9 per 100,000 respectively) in 2015. Self-harm burdens have begun shifting from females to males and the elderly suffered more self-harm burdens than other age groups. Alcohol use accounted for 20.9% of all self-harm DALYs for males, whereas intimate partner violence accounted for 24.4% of all self-harm DALYs for females. Poisoning, mainly pesticide self-poisoning, was still the most common method of suicide. Effective interventions by multi-sectoral collaboration are urgently needed to reduce the alarmingly heavy self-harm burdens in Hubei.
Introduction
Self-harm is a prevalent and complex problem worldwide, involving many psychological, social, cultural aspects, etc. Broadly speaking, self-harm is defined as an act of intentionally causing harm to oneself, irrespective of the type, motive or suicidal intent [1, 2] . The outcomes of self-harm include non-fatal and fatal self-harm/suicide. Globally, it was estimated that 1.7 million outpatients, 1.5 million inpatients, and 842,000 deaths were attributable to self-harm in 2013 [3] . Self-harm was the second leading cause of death from injury and a main contributor to disability-adjusted life-years (DALYs) lost by injury globally [3, 4] . Enormous burdens incurred by self-harm have been placed on health systems, especially in low-and middle-income countries, which accounted for 75% of the global suicide burden. Globally, half of all self-harm deaths happened in China and India [5] .
In China, in 2015 alone, there were an estimated 796,000 cases of self-harm, leading to 135,000 deaths, ranking the tenth biggest cause of years of life lost (YLLs), resulting in as many as 4,578,000 DALYs [4, 6] . Nonetheless, China is a vast and populous country with considerably heterogenous geographical distribution, economic development, and epidemiological transition. Briefly, China has been divided into the following six regions: North, East, Central, South, Northwest
Materials and Methods
Data from two sources were used for this study. Sub-national data of Hubei province from Global Burden of Disease Study (GBD) 2015 were extracted and analyzed for self-harm burdens. GBD 2015 is the most comprehensive observational epidemiological study, utilizing diverse data sources and statistical models to calculate health estimates and making data comparable over time and across populations [4, 6, 13] . The main data sources included Disease Surveillance Points, Maternal and Child Surveillance System, Chinese Center for Disease Control and Prevention Cause of Death Reporting System [4, 5] . Cause of Death Ensemble modelling (CODEm) was the principal method adapted to estimate mortality and YLLs; meanwhile, Bayesian meta-regression analysis using the DisMod-MR 2.1 software was used for prevalence and years lived with disability (YLDs) [4, 6] . DALYs were computed by the summation of YLLs and YLDs [13] . Comparative risk assessment framework approaches were used to evaluate burdens of risk factors [14] . Fatal self-harm (numbers of deaths, YLLs), non-fatal self-harm (prevalence, YLDs) as well as DALYs (a summary measure of fatal and non-fatal disease outcomes) caused by self-harm were computed for the years 1990, 1995, 2000, 2005, 2010 , and 2015 in Hubei province. Period analysis during 1990-2015 was carried out to estimate the age and sex specific changes of self-harm burdens. We compared self-harm burdens (age-standardized rates for mortality, YLLs, prevalence, YLDs, and DALYs using the GBD 2015 global standard population) in Hubei province to national and global levels [4] . Comparisons among them provide insights into the severe situation of self-harm burdens in Hubei. Age and sex specific percentages of total DALYs from risk factors attributed to self-harm were also calculated.
Data from Hubei DSPs in 2015 were used to analyze suicide method differences. The Hubei DSPs system is a sample-based mortality surveillance system, yielding representative provincial mortality [15] . In 2015, the Hubei DSPs system covered 13 million people, accounting for more than 20% of the whole population. Self-harm deaths/suicides were coded using the International Classification of Diseases 10th revision (ICD-10) (coding from X60 to X84 and Y87.0). Suicide methods were classified into seven categories: poisoning (X60-X69), hanging (X70), drowning (X71), firearms and explosive material (X72-X75), cutting or piercing instruments (X78), jumping from a high place (X80), other or unknown method (X76, X77, X79, X81-X84, X87.0). In short, cutting or piercing instruments were relabeled as cutting; jumping from a high place as jumping; other or unknown method as other methods in the text. In our study, no one utilized firearms and explosive material as a suicide method. The population from the sampled areas was used as a denominator while calculating the mortality rate. The χ 2 test was performed to compare the method differences used by suicides between sexes and urban/rural areas. All statistical analyses were performed using SAS V9.4 (SAS Institute, Cary, NC, USA). The statistical significance level was defined as p < 0.05. Table 1 presents the distributions of all and sex-specific fatal outcomes caused by self-harm from 1990 to 2015, including deaths, mortality rate, YLLs, and YLLs rate. The number of self-harm deaths dropped from 22,685 in 1990 to 13 173 in 2015, while the mortality rate decreased from 41.9 per 100,000 in 1990 to 23.9 per 100,000 in 2015. The number of self-harm deaths and mortality rate dropped by 41.9% and 43.1%, respectively from 1900 to 2015. Females experienced greater reduction for self-harm deaths (53.7%) and mortality rate (54.6%) than males (27.9% and 29.5%). Similarly, the YLLs and YLLs rate caused by self-harm from 1990 to 2015 in Hubei province also demonstrated decreasing trends. The YLLs and YLLs rate dropped by 64.5% and 65.2% respectively from 1990 to 2015, with 54.5%, 56.0% for males, and 72.2%, 72.8% for females (Table 1) . Changes in self-harm mortality rates varied widely by age in Hubei from 1990 to 2015 ( Figure 1A ). Self-harm mortality rates among people under 50 years old declined by more than 70%. However, the decreased amplitude was narrowed with aging. The least decreased amplitude was demonstrated in people above 80 years-dropped by only 3%-while the most decreased amplitude was observed in people between 15 and 24 years old-dropped by 83%. The self-harm mortality rates in 2015 remained high for people above 65 years old, peaking at 246.3 per 100,000 for people over 80 years old. Figure 2A ,B shows the age-standardized rates (ASRs) for self-harm mortality and YLLs over time in Hubei, China and globally. The decreasing amplitudes of ASRs for mortality (57%) and YLLs (70%) in Hubei were similar to the national level (decreased by 60% and 67% for mortality and YLLs, respectively), but much larger than the global level (24% and 26% for mortality and YLLs, respectively). Despite the large decreasing amplitude above mentioned, Hubei still had much higher ASRs for mortality (22.0 per 100,000) and YLLs (560.1 per 100,000) than the national (9.0 and 292.3 per 100,000 for mortality and YLLs, respectively) and the global level (11.5 and 453.3 per 100,000 for mortality and YLLs, respectively) in 2015. Figure 2A ,B shows the age-standardized rates (ASRs) for self-harm mortality and YLLs over time in Hubei, China and globally. The decreasing amplitudes of ASRs for mortality (57%) and YLLs (70%) in Hubei were similar to the national level (decreased by 60% and 67% for mortality and YLLs, respectively), but much larger than the global level (24% and 26% for mortality and YLLs, respectively). Despite the large decreasing amplitude above mentioned, Hubei still had much higher ASRs for mortality (22.0 per 100,000) and YLLs (560.1 per 100,000) than the national (9.0 and 292.3 per 100,000 for mortality and YLLs, respectively) and the global level (11.5 and 453.3 per 100,000 for mortality and YLLs, respectively) in 2015. Table 2 provides an overall comparative view of all age patients, prevalence rate, YLDs and YLDs rate attributable to self-harm from 1990 to 2015. The number of patients from self-harm dropped from 68,368 (1990) to 45,408 (2015) , with the prevalence rate decreasing from 126.4 per 100,000 (1990) to 82.3 per 100,000 (2015). Both number of patients and prevalence rate dropped by 33.6% and 34.9%, respectively from 1990 to 2015. The number of patients and prevalence rate of selfharm for males saw a 25.9% and 27.5% decrease from 1990 to 2015 respectively, while for females this decrease was 41.3% and 42.4% respectively. From 1990 to 2015, both YLDs and YLDs rate caused by self-harm in Hubei consistently decreased. Overall, YLDs and YLDs rate dropped by 61.2% and 62.0% respectively from 1990 to 2015: 56.6% and 57.5% for males, 65.0% and 65.7% for females (Table 2 ). Table 2 provides an overall comparative view of all age patients, prevalence rate, YLDs and YLDs rate attributable to self-harm from 1990 to 2015. The number of patients from self-harm dropped from 68,368 (1990) to 45,408 (2015) , with the prevalence rate decreasing from 126.4 per 100,000 (1990) to 82.3 per 100,000 (2015) . Both number of patients and prevalence rate dropped by 33.6% and 34.9%, respectively from 1990 to 2015. The number of patients and prevalence rate of self-harm for males saw a 25.9% and 27.5% decrease from 1990 to 2015 respectively, while for females this decrease was 41.3% and 42.4% respectively. From 1990 to 2015, both YLDs and YLDs rate caused by self-harm in Hubei consistently decreased. Overall, YLDs and YLDs rate dropped by 61.2% and 62.0% respectively from 1990 to 2015: 56.6% and 57.5% for males, 65.0% and 65.7% for females (Table 2) . Between 1990 and 2015, prevalence rates attributed to self-harm among different age groups all decreased ( Figure 1B ). The decreased amplitudes among different age groups were all above 40%. The prevalence rates were increased with aging in Hubei in 2015. People above 80 years had the highest prevalence rate (429.0 per 100,000) for self-harm in 2015, while the lowest prevalence rate was observed among children less than 15 years old (14.6 per 100,000). Figure 2C ,D shows the ASRs for self-harm prevalence and YLDs over time in Hubei, China and globally. Much bigger decreasing amplitudes of ASRs for prevalence (−56%) and YLDs (−72%) were observed in Hubei than national (−47% and −65% for prevalence and YLDs, respectively) and global levels (−14% and −31% for prevalence and YLDs, respectively). Although ASRs for prevalence (71.0 per 100,000) and YLDs (3.5 per 100,000) caused by self-harm in Hubei, in 2015, were lower than the global level (89.7 and 4.6 per 100,000 for prevalence and YLDs, respectively), they were still higher than the national level (51.9 and 2.7 per 100,000 for prevalence and YLDs, respectively) in China. Figure 3 shows the gender-specific trends of DALYs, DALYs rates and ASRs for DALYs by self-harm from 1990 to 2015 in Hubei. Both males and females demonstrated downward trends for DALYs and the corresponding rates. The DALYs rate for males fell by 56% from 1644.7 per 100,000 in 1990 to 724.3 per 100,000 in 2015, while there was a 73% drop for females from 2128.4 per 100,000 in 1990 to 580.5 per 100,000 in 2015. Similar reduction patterns were also illustrated in ASRs of DALYs for males and females ( Figure 3C ). From 2005, both DALYs and the age-standardized DALYs rate for males surpassed those of females. Compared with 1990, DALYs rates caused by self-harm among various age groups in 2015 were all decreased ( Figure 1C ). Consistent with mortality rate, the decreased amplitude of the self-harm DALYs rate between 1990 and 2015 was also narrowed with aging. The least decreased amplitude was demonstrated in people above 80 years-dropped by only 14%-while the most decreased amplitude was observed in people between 15 and 24 years old-dropped by 83%. People above 60 years old in 2015 had a higher DALYs rate than their younger groups.
Results

Fatal Outcomes Attributable to Self-Harm
Non-Fatal Outcomes Attributable to Self-Harm
DALYs Attributable to Self-Harm
The age-standardized DALYs rate in Hubei, 2015 (563.9 per 100,000) was higher compared with national (295.0 per 100,000) and global levels (457.9 per 100,000) ( Figure 2E ). Table 3 shows the percentage of DALYs attributable to risk factors of self-harm by year, gender, and age group in Hubei. The proportion of self-harm DALYs attributable to alcohol and drug use, sexual abuse and violence, and their overlaps accounted for 30.9% for all ages in 2015. The percentage of DALYs from alcohol and drug use, sexual abuse and violence due to self-harm was different from 1990 to 2015. While the proportion of childhood sexual abuse slightly declined, and the proportion of drug use and intimate partner violence (IPV) remained stable, the proportion of alcohol use increased steadily. The proportion of self-harm DALYs attributable to alcohol and drug use, sexual abuse and violence was lower among adolescents and the elderly. The proportion of alcohol use remained high among the middle age group; the proportion of drug use peaked among people aged 20-24 years; the proportion of childhood sexual abuse and IPV peaked for people aged 25-34 years and 35-44 years respectively.
Risk Factors Attributable to Self-Harm
The proportion of self-harm DALYs attributable to alcohol and drug use, sexual abuse and violence was totally different among males and females in Hubei. Alcohol use played a bigger role (20.9%) as the cause of DALYs, and sexual abuse and violence accounted for a lower percentage (8.8%) for males in Hubei; for females, alcohol and drug use accounted for 3.9%, childhood sexual abuse 5.7%, and IPV 24.4%.
Variation in Suicide Methods
Poisoning was the most common method of suicide, accounting for 63.1% (14.1 per 100,000 for mortality rate) of all suicides for all ages. Poisoning was predominated by pesticide self-poisoning, responsible for 60% of all self-harm deaths, with less than 3% from other poisoning. Then suicide methods were followed by hanging (25.2%, 5.6 per 100,000), drowning (5.2%, 1.2 per 100,000), jumping (4.9%, 1.1 per 100,000), cutting (0.9%, 0.2 per 100,000) and other methods (0.6%, 0.1 per 100,000) ( Table 4 ). The four methods, i.e., poisoning, hanging, drowning and jumping, used by people who have self-harmed accounted for 98.4% of all methods. Males had higher mortality rates for hanging (6.2 vs. 5.0 per 100,000), cutting (0.3 vs. 0.1 per 100,000) and jumping (1.4 vs. 0.8 per 100,000) than females (p < 0.05). This pattern was observed in urban areas, but not rural areas, which did not show any difference between males and females in suicide methods.
Residents in rural areas had a higher suicide rate than their urban counterparts (25.6 vs. 19.9 per 100,000, p < 0.05) in Hubei, 2015. Rural residents had higher rates in poisoning (17.0 vs. 12.0 per 100,000, p < 0.05) and drowning (1.4 vs. 1.0 per 100,000, p < 0.05), but lower rates in jumping (0.8 vs. 1.3 per 100,000, p < 0.05) than urban residents. Urban men had a higher jumping rate than rural men (1.7 vs. 1.0 per 100,000, p < 0.05), while urban women had a lower drowning rate than rural women (0.8 vs. 1.7 per 100,000, p < 0.05).
Discussion
Sharply reduced but still alarmingly heavy self-harm burdens in Hubei, China, are illustrated for the first time in the present paper. All self-harm burdens including mortality, prevalence and DALYs in Hubei demonstrated obvious downward trends from 1990 to 2015.
Even though obvious downward trends were demonstrated, self-harm burdens remain a key issue in Hubei. Our results demonstrated that Hubei bore higher self-harm burdens than national and global levels. The self-harm mortality rate in Hubei was twice that of the whole country in China and the world, and also much higher than other countries, e.g., USA and Australia [16, 17] . A national study in China further revealed substantial geographic variation in suicide rates. Central China, including Hubei, had the highest suicide rates compared with other regions, with socioeconomic characteristics, and psychological and mental factors probably underlying this variation [7] . The reasons causing such heavy self-harm burdens in Hubei are not yet clear. Biological, psychological, social, environmental and cultural factors have been proved important in determining suicidal behaviors [18] . A few qualitative research studies pertaining to suicide in Hubei suggested that changes in family structure, inter-generational relations, as well as people's attitude towards life might be the key elements for suicidal behavior [19] [20] [21] . The patterns and characteristics in family structure in Hubei have changed from the traditionally big family towards a small, centralized one, resulting in the traditional value of fostering the elderly by the family possibly being substantially weakened [21] . In addition, there was a cultural phenomenon normalizing suicide in some deprived rural areas of Hubei where people treated death with arbitrary attitudes, lacked reverence towards life and widely held the conception that people "should die when they are useless" [20] . Those factors together provided a forgiving, even encouraging, social and psychological milieu for people to end their lives by self-harming, especially the elderly [20] . Interpersonal conflict, suffering from serious diseases and economic hardships were identified as the three leading causes for completed suicide among rural females in Hubei by some researchers [22] .
Our study showed that both men and the elderly were the two main groups that suffered more self-harm burdens than others. Females in Hubei used to be in disadvantaged positions and had higher self-harm burdens than males, similar to the national situation in China [7, 18] . Nonetheless, our results revealed that females experienced a bigger reduction in self-harm burdens than males from 1990 to 2015 in Hubei, consistent with the national results in China [3, 23, 24] . Since 2010, self-harm burdens have begun to shift from females to males. Males surpassed females in self-harm burdens. Some researches attributed the big declining trends among females to the process of urbanization and economic development during the past decades [25, 26] . Meanwhile, in the current social vicissitudes of China, fierce work stress, and anxiety due to a rapid rise in living cost may put more pressure on males; these factors are not conducive to their mental health and make them susceptible to mental illness, a key risk factor for suicide.
Self-harm burdens among different age groups all dropped consistently from 1990 to 2015. However, the least decreased amplitudes were demonstrated among the elderly. Self-harm burdens increased with aging, and remained at higher levels among the elderly in Hubei, 2015, which is consistent with most parts of the world [18] . As the society is ageing rapidly, the self-harm burdens among the elderly in Hubei may be even worse. By the end of 2016, the latest data from Bureau of Statistics in Hubei show that the proportion of the population aged 65 years and over accounted for 10.8% of the total population. Besides, deaths resulting from suicide are sometimes misreported as accidents or natural causes, for all kinds of reasons, such as traditional and cultural backgrounds which see suicide as a stigma, or insurance policies in which medical or other expenses are not covered or reimbursed by insurance companies for people dying of suicide [18, 27] . What is more, the probability of suicide death being classed as other diseases among the elderly might be slightly higher than other age groups due to age effects. These factors may put the elderly people in Hubei at high risk for suicide. As a result, the continued severity of self-harm burdens among the elderly in Hubei might be expected.
By analyzing risk factors pertaining to self-harm, alcohol use and IPV were identified as the main risk factors attributing to self-harm burdens for males and females respectively. This obvious gender difference in percentage of risk factors accounting for total DALYs could be explained by high levels of alcohol consumption in men compared with women. The rate of drinkers in Hubei was nearly five times higher for men (48.8%) than women (10.6%) [28] . Because of Chinese cultural norms, social status and other factors, it is accepted for men to drink more than women [29] . Research has consistently shown a strong association between self-harm behavior and alcohol misuse [30] . IPV was identified as the most robust risk factor for self-harm among women in Hubei. Although both men and women may be victims of IPV, it is more common for men to perpetrate violence against women [31] . IPV is the most common form of violence against women, with global lifetime prevalence rates ranging from 15% to 71% [32] . In China, a prevalence of 51.6% physical and/or sexual IPV was reported in the surveyed sites [33] . Higher rates of self-harm behaviors and self-harm ideation have been observed in female victims of IPV compared with nonvictims [34] . In rural China, one-third of women visiting emergency rooms due to serious self-harm were disclosed to be victims of IPV [35] . The reasons for victims of IPV turning to self-harm in China might be to air painful emotions caused by abuse or as a last resort to escape by dying when they see no other options and are no longer able to endure the unbearable pain and suffering [36] . In order to prevent self-harm triggered by IPV, social support has been identified as a key protective factor [37] . Clinicians that encounter victims of IPV should make an effort to mobilize social support and facilitate referrals to legal, medical, and psychosocial services [37] .
By investigating method-specific suicide in Hubei, our study found that poisoning, mainly pesticide suicides which accounted for approximately 60% of all suicides, was the most common suicide method. The proportion of fatal pesticide self-poisoning in Hubei was considerably higher than national (49%) and global levels (13%) and other regions worldwide (e.g., high income countries (1.7%), low and middle income countries in Europe (0.9%)) [38, 39] . The pattern of suicide methods in Hubei was similar to the national pattern in China [38] , but different from other countries, e.g., firearms being the main suicide method in the USA, hanging in Australia, jumping in Singapore [16, 17, 40, 41] . Restricting access to highly lethal means has been proved to be effective in preventing suicide. Given the severity of fatal self-poisoning by pesticide, further strict management of lethal pesticides in Hubei still needs to be implemented in order to reduce the high burden of fatal self-harm.
Our study has important public implications. In 2015, the Sustainable Development Goals (SDGs) were adopted by the UN General Assembly [42] . They cover 17 universal goals, 169 targets and 230 indicators. One of 230 indicators from the SDGs is to reduce the number of self-harm deaths by one-third by 2030 compared to 2015. Both Health China 2030 and Health Hubei 2030 implemented by central and provincial government also emphasize the prevention and control of self-harm death. To accomplish this, Hubei faces a big challenge. Faster and more inclusive progress is urgently needed. Many lives can be saved. Therefore, time is of the essence. Besides restricting access to means of suicide, basic mental health services, and social support networks might need to be strengthened in Hubei [43, 44] .
Our study has some limitations. Firstly, the general limitations outlined in the GBD 2015 analytical approach apply to the present study [4, 6, 13] . Secondly, there might be an underestimation of self-harm burdens in Hubei, because of underreporting and miscoding issues. Self-harm deaths might be reported as deaths of undetermined intent, accidents and ill-defined and unknown cause of mortality [18] . A national evaluation of the accuracy of reported suicides in the Chinese population showed that 5.4% of "other" external causes, 48.6% of "unknown" external causes and 15.0% of deaths attributed to psychiatric disorders should be re-classified as suicide [27] . Lastly, the suicide burden and its secular trends among the population in Hubei were analyzed at the whole provincial level. We did not compare the difference of self-harm burdens between various municipalities. Given the severity of self-harm burdens in Hubei, research with regard to self-harm burdens at the municipality and county level will be our next priority in order to tackle this urgent public issue with area-specific measures.
Conclusions
Although self-harm burdens in Hubei province demonstrated clearly decreasing trends, the burdens are still substantially heavier than the national and global levels. Pesticide self-poisoning remains the leading suicide method, accounting for 60% of suicides. Due to the complexity of self-harm, effective interventions with multi-sectoral collaboration are urgently needed to reduce self-harm/suicide, targeting people who are at high risk of self-harm, especially males and the elderly. Further strict management of and restricted access to lethal pesticides are warranted.
